A rapid vectorial back reaction at the reaction centers of photosystem II in tris-washed chloroplasts induced by repetitive flash excitation.
In Tris-washed chloroplasts, completely lacking the oxygen-evolving capacity, absorption changes in the range of 420--560 nm induced by repetitive flash excitation have been measured in the presence and absence of electron donors. It was found: (1) At 520 nm flash-induced absorption changes are observed, which predominantly decay via a 100--200-mus exponential kinetics corresponding to that of the back reaction between the primary electron donor and acceptor of Photosystem II (Haveman, J. and Mathis, P. (1976) Biochim. Biophys. Acta 440, 346--355; Renger, G. and Wolff, Ch. (1976) Biochim. Biophys. Acta 423, 610--614). In the presence of hydroquinone/ascorbate as donor couple the amplitude is nearly doubled and the decay becomes significantly slowed down. (2) The difference spectrum of the absorption changes obtained in the presence of hydroquinone/ascorbate, which are sensitive to ionophores, is nearly identical with that of normal chloroplasts in the range of 460--560 nm (Emrich, H.M., Junge, W. and Witt, H.T. (1969) Z. Naturforsch. 24b, 114--1146). In the absence of hydroquinone/ascorbate the difference spectrum of the absorption changes, characterized by a 100--200-mus decay kinetics, differs in the range of 460--500 nm and by a hump in the range of 530--560 nm. The hump is shown to be attributable to the socalled C550 absorption change, which reflects the turnover of the primary acceptor of Photosystem II (van Gorkom, H.J.(1976) Thesis, Leiden), while the deviations in the range of 460--500 nm are understandable as to be due to the overlapping absorption changes of chlorphyll alpha II+. The problems arising with the latter explanation are discussed. (3) The electron transfer due to the rapid turnover at Photosystem II, which can be induced by flash groups with a short dark time between the flashes, is not able to energize the ATPase and to drive photophosphorylation. On the basis of the present results it is inferred, that in Tris-washed chloroplasts under repetitive flash excitation a rapid transmembrane vectorial electron shuttle takes place between the primary acceptor (X320) and donor (Chl alpha II) of Photosystem II, which is not able to energize the photophosphorylation. Furthermore, the data are shown to confirm the localization of X320 and Chl alpha II within the thylakoid membrane at the outer and inner side, respectively.